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Abstract of JP7221 168 

PURPOSE;To enable the dielectric layer surface to be 
polished with high pred sion without being scratched by 
stone dust at all by a method wherein the dielectric layer 
surface is polished with stone dust softer than the dielectric 
layer itself to produce a reactant of both component materials 
of the dielectric layer and the stone dust to be mechanically 
removed later. 

C.ONSTITUTIONiThe surface of a dielectric layer 2. of an 
electrostatic chuck is polished with stone dust softer than the 
dielectric later 2 itself to create a locally high temperature 
and high pressure state so that a reactant of both component 
materials of the dielectric layer 2 and the stone dust may be 
chemically produced. Next, at least the reactant or the 
product produced after the decomposition of the reactant is 
mechanically removed out of the surface of the dielectric 
layer 2. For example, it is recommended that the dielectric 
layer 2 mainly comprises AI203 the stone dust comprises 
Si02 and the reactant from the material comprising the 
dielectric layer 2 and the material comprising the stone dust 
mainly comprises kainite. Finally, the reactant is polished 
while feeding a polishing solution 6 containing Si02 stone 
dust using a high rigid polisher 5. 
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Japanese Patent Application Laid-Open No. 7 -221168 
[Title of the Invention] 

SURFACE GRINDING METHOD OF ELECTROSTATIC CHUCK 
[Abstract] 

Purpose: To grind the surface of a dielectric layer by abrasive grains 
without causing scratches. 

Constitution: Finishing grinding is carried out while a grinding solution 6 
containing abrasive grains, e.g. Si02 abrasive grains, which are softer than 
the material forming a dielectric layer 2 being supplied to an abrasive wheel 
with a high rigidity. 

Claims: 

1. A surface grinding method of an electrostatic chuck comprising steps of 
chemically producing a reaction product of a substance composing a 
dielectric layer and a substance composing abrasive grains by locally 
producing a high temperature and high pressure state by grinding the 
surface of the dielectric layer of the electrostatic chuck with the abrasive 
grains softer than the dielectric layer; and mechanically removing at least 
the reaction product or products obtained by degradating the reaction 
product from the surface of the dielectric layer. 

2. The surface grinding method of an electrostatic chuck according to claim 
1, wherein the dielectric layer comprises mainly AI2O3, the abrasive grains 
are made of Si02, and the reaction product of the substance composing the 
dielectric layer and the substance composing the abrasive grains is mainly 
kyanite. 



[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The invention relates to a method for grinding the surface of a 
dielectric layer of an electrostatic chuck. 
[0002] 
[Prior Art] 

Conventionally, a semiconductor wafer has been subjected to 
treatment such as plasma etching and plasma CVD under a reduced 
pressure. A chuck utilizing electrostatic power has been known as a chuck 
for holding the semiconductor wafer under a reduced pressure in such a case 
and the electrostatic chuck comprises a dielectric layer with a top face of 
mainly AI2O3. With respect to the surface of the dielectric layer, plane 
grinding finishing by diamond whetstone and grinding finishing using 
abrasive grains with hardness equal to or higher than that of AI2O3 such as 
diamond abrasive grains, SiC abrasive grains, AI2O3 abrasive grains and the 
like have been performed. 
[0003] 

[Problems to be Solved by the Invention] 

As described above, hard abrasive grains such as diamond abrasive 
grains have been used conventionally so as to improve the processing 
precision in the grinding of the surface of the dielectric layer as the top face 
of the electrostatic chuck, however embedding of the hard abrasive grains or 
scratching by them is caused in the surface of the dielectric layer. Such 
damages and scratches lead to undesirable drawbacks that a semiconductor 



wafer is scratched or particles are stuck to the wafer at the time of 
attachment or detachment of the wafer. Further, in the case of mechanical 
grinding method using hard abrasive grains, a processed and denatured 
layer is formed in the surface of the dielectric layer and the processed and 
denatured layer leaves strains in the surface and thus contaminants such as 
heavy metal ions, which cause adverse effects on a device, are sometimes 
stuck to the semiconductor wafer. 
[0004] 

In place of the above-mentioned mechanical grinding, chemical 
grinding and electrolytic grinding have been known, however they are 
inferior in the processing precision and therefore cannot be employed for an 
electrostatic chuck which requires high processing precision. 
[0005] 

[Means for Solving the Problems] 

In order to solve the above-mentioned problems, the invention 
provides a surface grinding method involving chemically producing a 
reaction product of a substance composing a dielectric layer and a substance 
composing abrasive grains by locally producing a high temperature and high 
pressure state in the surface of the dielectric layer by grinding the surface 
with the abrasive grains softer than the dielectric layer; and mechanically 
removing at least the reaction product or products obtained by degradating 
the reaction product from the surface of the dielectric layer. 
[0006] 

[Embodiments] 

For example, the surface of an electrostatic chuck is ground by 



mechanochemical polishing involving a chemical sphere in which silimanite 

such as kyanite is produced by reaction of AI2O3 composing a dielectric layer 

and Si02 composing abrasive grains and a mechanical sphere in which the 

produced kyanite or the like is converted to be mullite or amorphous and 

removing it. 

[0007] 

[Examples] 

Hereinafter, Examples of the invention will be described with 
reference to attached drawings. Here, Fig. 1 is an explanatory figure 
showing the state of polishing an electrostatic chuck and the electrostatic 
chuck comprises a substrate 1, a dielectric layer 2 formed on the substrate 1, 
inner electrodes 3 formed between the substrate 1 and the dielectric layer 2, 
and a power supply line 4 for supplying high voltage connected to the inner 
electrodes 3. 
[0008] 

The above-mentioned electrostatic chuck is obtained by providing 
green sheets respectively consisting of: weight of 75 % or more of AI2O3, less 
than 25 % transition metal oxide, and 10 % or less glass components such as 
Si02, MgO, CaO and the like, printing a tungsten or molybdenum paste to 
be inner electrodes in one prescribed face of the green sheet, and laminating 
the green sheets in such a manner that the printed face is sandwiched, and 
firing the obtained laminate of the green sheets. 
[0009] 

The electrostatic chuck obtained by firing is ground until the 
dielectric layer 2 has a thickness as thin as 250 to 500 [im by a plane 



grinding wheel and the ground face is farther roughly ground until the 
mean surface roughness (Ra) becomes about 0.25 pm with diamond abrasive 
grains or a copper polisher and then, finishing grinding is carried out 
according to a method of the invention using the grinding wheel 5. 
5 [0010] 

The finishing grinding is carried out while supplying a grinding 
solution 6 containing softer abrasive grains than the material composing the 
dielectric layer 2 such as Si02 abrasive grains, to the grinding wheel 5. 
Accordingly, the dielectric layer is locally heated and pressurized to be at a 
10 high temperature and a high pressure and AI2O3 composing the dielectric 

layer and Si02 composing the abrasive grains are reacted with each other to 
form mainly kyanite. The kyanite can be defined as mAl203-nSi02 (m = 
62.9%; n = 37.1%) and is a tri clinic system mineral having the maximum 
filling ratio of oxygen ion and comprising Si ions bonded in a tetrahedral 

15 structure or, in some cases, Al ions bonded in a hexahedral structure. The 
kyanite is degradated into mullite and silica when it is heated to 1,325°C or 
higher and is affected with grinding stress and thus easily mechanically 
removed from the surface of the dielectric layer. Consequently, the surface 
of the dielectric layer is subjected to finishing grinding to have a mean 

20 surface roughness (Ra) of 0.15 |jm or less. Incidentally, it is supposed that 
other than kyanite, andalusite (rhombic system, true specific gravity 3.1 to 
3.2) and silimanite (rhombic system, true specific gravity 3.23 to 3.25) are 
slightly produced, however they are degradated into mullite and silica at a 
higher temperature than that of kyanite. 

25 [0011] 
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The following Table 1 shows the results of experiments of grinding 
carried out by changing the conditions of grinding agents or the like to be 
used. 
[0012] 
5 [Table 1] 



Experiment 

Example 

No. 


Type of abrasive 
grains 


grain diameter of 
abrasive grains (um) 


occurrence of 
scratching 


Gs% 


Ra um 


contamination 
level 
atoms/cm 3 


1 


diamond 


3.00 


Oriented 


40 


0.25 


1012-iou 


2 


silicon oxide 
(colloidal silica) 


0.03 


Not oriented 


125 


0.08 


<10" 


3 


silicon oxide 
(colloidal silica) 


0.06 


Not oriented 


121 


0.09 


<10" 


4 


silicon oxide 
(colloidal silica) 


0.03 


Not oriented 


124 


0.08 


<10" 


5 


cerium oxide 


0.05 


Not oriented 


120 


0.11 


<10" 


6 


titanium oxide 


0.01 


Not oriented 


110 


0.13 


<10» 


7 


magnesium 
oxide 


0.05 


Not oriented 


110 


0.13 


<10" 



[0013] 

The composition ratio of the dielectric layer of a chuck used for the 
experiment is consisting by weight of 83 % AI2O3, 10.5 % transition metal 

10 oxides, and 6.5% the total of Si02, MgO and CaO, and the employed 

grinding apparatus comprises a grinding wheel with a diameter of 1,000 
mm and made of a hard foamed polyurethane grinding cloth, and the 
rotation speed of the grinding wheel is controlled to be 60 rpm and load is 
controlled to be 0.2 kg/cm 2 . Further, as the abrasive grains, Si02 (silicon 

15 oxide), Ce02 (cerium oxide), and TiC>2 (titanium oxide) are used and other 

than these oxides, abrasive grains of MgO (magnesium oxide), Y2O3 (yttrium 
oxide), Sn02 (tin oxide), which are relatively soft, may also be used. The 
abrasive grains are used while being dispersed in a liquid and the ratio of 



the abrasive grains to the liquid is proper to be 10 to 20% and the pH of the 
liquid is adjusted to be 8 to 13 and the supply amount of the grinding 
solution is controlled to be 20 cc/minute. 
[0014] 

Occurrence of scratching in Table 1 is determined based on SEM 
observation and evaluation of the contamination level is carried out by 
setting the mirror face of a silicon wafer on the surface of the dielectric layer 
and measuring the concentration of the elements of adhering contaminants 
after 1 KV voltage application for 3 minutes. As the surface roughness, the 
mean surface roughness (Ra) is measured according to JIS B0601 by using a 
probe type surface roughness meter and as the glossiness of the ground face, 
Gs(60°) is measured according to JIS Z8741. 
[0015] 

Fig. 2(a), 2(b), and 2(c) are respectively microscopic photographs 
with 5000 magnifications of particle structures of the surfaces of dielectric 
layers ground with silicon oxide abrasive grains, cerium oxide abrasive 
grains, and diamond abrasive grains and Fig. 3(a), 3(b), and 3(c) are graphs 
showing the measurement results of the surface roughness of the surfaces of 
the dielectric layers shown in Fig. 2(a), 2(b), and 2(c), respectively. As 
appeared from these Figs, and Table 1, grinding of the surface of a dielectric 
layer with abrasive grains softer than the material of the dielectric layer 
according to the inventive method gives the extremely smooth surface. 
[0016] 

Although the experiment is described while exemplifying the 
dielectric layer containing AI2O3 as a main component, any dielectric 
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materials such as A1N, SiC, SisN4 and the like which can be used for 
electrostatic chucks may be used. Even in the case of using these materials, 
mAl203-nSi02, Si02 (amorphous) and the like can be produced and 
processed by grinding. 
[0017] 

[Effects of the Invention] 

As described above, the invention provides a method for carrying out 
finishing grinding of the surface of a dielectric layer at a high precision 
without forming scratches in the surface of a dielectric layer by abrasive 
grains by chemically producing a reaction product of a substance composing 
a dielectric layer and a substance composing abrasive grains by locally 
producing a high temperature and high pressure state by grinding the 
surface of the dielectric layer of the electrostatic chuck with the abrasive 
grains softer than the dielectric layer; and mechanically removing at least 
the reaction product or products obtained by degradating the reaction 
product from the surface of the dielectric layer. Accordingly, contamination 
of the surface of a semiconductor wafer with particles or heavy metal ions 
can be prevented. 

[Brief Description of the Drawings] 

[Fig. 1] A figure showing the state of grinding an electrostatic chuck. 
[Fig. 2(a)] A microscopic photograph with 5000 magnifications showing 
particle structure of the surface of a dielectric layer ground by silicon oxide 
abrasive grains. 

[Fig. 2(b)] A microscopic photograph with 5000 magnifications showing 
particle structure of the surface of a dielectric layer ground by cerium oxide 



abrasive grains. 

[Fig. 2(c)] A microscopic photograph with 5000 magnifications showing 
particle structure of the surface of a dielectric layer ground by diamond 
abrasive grains. 

[Fig. 3(a)] A graph showing the measurement results of the surface 
roughness of the surface of the dielectric layer shown in Fig. 2(a). 
[Fig. 3(b)] A graph showing the measurement results of the surface 
roughness of the surface of the dielectric layer shown in Fig. 2(b). 
[Fig. 3(c)] A graph showing the measurement results of the surface 
roughness of the surface of the dielectric layer shown in Fig. 2(c). 
[Explanation of Symbols] 

1 a substrate 

2 a dielectric layer 

3 an inner electrode 

5 a grinding wheel 

6 a grinding solution 
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40 


0.25 


10 ia ~10 13 


2 




0.03 




125 


0.08 


<10 11 


3 




0.06 


*L 


121 


0.09 


<10 1L 


4 




0.03 


ttL 


124 


0.08 


<10 xl 


5 


■Wb-tu a 


0.05 


*L 


120 


0.11 


<io 1A 


6 




0.01 


ttL 


110 


0.13 


<10 11 


7 


BWb^*^** 


0.05 




110 


0.13 


<10 11 
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